The im por tance of trans por ta tion mod el ing, es pe cially per sonal car flow mod el ing, is well rec og nized in trans por ta tion plan ning. Mod ern soft ware tools give the possi bil ity of gen er at ing many de vel op ment sce nar ios of trans port sys tem
In tro duc tion
Ur ban trans port sys tem de vel op ment and ex ploi ta tion could pres ent unique chal lenge and op por tu nity to con trib ute to achiev ing green house gases (GHG) emis sion re duc tions. Passen ger cars, of ten with only a sin gle oc cu pant, dom i nate per sonal travel. For ex am ple, av er age oc cu pancy of pas sen ger cars in Bel grade is less than 2 (1.4-1.7 per sons per car) [1] and av er age oc cu pancy of pub lic trans por ta tion ve hi cles (buses) is about 90 pas sen gers. This means that about 50 pas sen ger cars would be needed to trans port the num ber of pas sen gers trans ported by one bus. The emis sion of CO for the same pas sen ger ki lo me ters us ing pas sen ger car is 700 times greater than for the bus. Not to men tion the prob lem of spa tial oc cu pancy [2] [3] [4] .
Road trans port per cent age share of CO 2 emis sion from com bus tion in OECD coun tries in 2003 was 23% [5] .
Sus tain able trans port prin ci ples set nu mer ous re quire ments in the proces of mod ern traf fic plan ning, in clud ing an anal y ses of all pos i tive and ad verse im pacts of the planned measures with re spect to spa tial de vel op ment, econ omy, so ci ety, ecol ogy, etc. The con ven tional plan ning meth ods for solv ing spe cific prob lems in the traf fic sys tem tend to be less used. Instead, so lu tions with op ti mal im pacts in var i ous as pects are pur sued. This, on the other hand, means that eco nomic cri te ria do not nec es sar ily have to be the only, or the most im por tant ones, in eval u at ing and se lect ing the so lu tions. Trans por ta tion plan ning is not an ob jec tive in it self, THERMAL SCIENCE: Vol. 13 (2009) , No. 3, but it is rather shap ing the trans port sys tem so as to be come com pli ant with the prin ci ples of sustainability [6, 7] .
Ac cord ing to the Eu ro pean Un ion Coun cil of Min is ters of Trans port, sus tain able trans por ta tion sys tem is one that [8, 9] : -allows the basic access and development needs of individuals, companies, and society to be met safely and in a manner consistent with human and ecosystem health, and promotes equity within and between successive generations, -is affordable, operates fairly and efficiently, offers a choice of transport mode, and supports a competitive economy, as well as balanced regional development, and -limits emissions and waste within the planet's ability to absorb them, uses renewable resources at or below their rates of generation, and uses non-renewable resources at or below the rates of development of renewable substitutes, while minimizing the impact on the use of land and the generation of noise. How ever, re gard less of the ap plied ap proach to traf fic plan ning, quan tity of trans port de mands has to be de ter mined first. Trans port de mands, on the other hand, de pend on spa tial devel op ment of ur ban area and land use, as well as on ac ces si bil ity of some trans port modes, costs and man age ment pol icy (pol lu tion man age ment, park ing, trans port in fra struc ture charge, etc. [10, 11] ).
En ergy ef fi ciency has an im por tant in flu ence on trans por ta tion plan ning at the time of en ergy short age. Dif fer ent tech ni cal so lu tions and new in fra struc ture el e ments en able nu mer ous op tions in de vel op ment of the sys tem which should ac com mo date grow ing trans port de mands. On the other hand, dif fer ent trans port modes have var i ous emis sion and en ergy char ac ter is tics [12] [13] [14] .
Se lec tion of dif fer ent so lu tions, their anal y ses, pre dic tion and quan ti fi ca tion of the effects of ap plied mea sures usu ally in volve ap pli ca tion of mod eling pro ce dures to gether with the use of mod ern sim u la tion tools. If it is not pos si ble to quan tify the ef fects in ab so lute val ues, it is al ways pos si ble to rank the vari ants in rel a tive sense ac cord ing to the adopted cri te ria. Pre vi ous anal y ses and quan ti fi ca tion of en vis aged mea sures may pro vide con sid er able sav ings re lated to "blind" im ple men ta tion of mea sures [15] .
En vi ron men tal anal y ses re late to the ef fects of new trans port sys tem con sid er ing noise quan tity, air pol lu tion, warm ing on street net work in the fu ture, i. e. what will be the im pact of the en vis aged ac tions on trans port de mands, as the ba sic pa ram e ter which de ter mines the adverse ef fects of traf fic.
De vel op ment of in fra struc ture to im prove ac ces si bil ity in duces con struc tion of other types of struc tures which will re sult in an in crease in trans port de mands in the fu ture pe riod. For ex am ple, up grad ing of ur ban street net work or im prove ment of tech ni cal char ac ter is tics on some sec tions may in crease ca pac ity and at tract more cars [16] .
In ad di tion to their in dis put able ad van tages, in creased ca pac ity may bring about some ad verse ef fects as well. First of all, con struc tion of new struc tures is per formed in an ur ban en viron ment or it serves ur ban en vi ron ment us ing its fringe ar eas. In this way the land area is oc cupied and its use is thus changed, ir re spec tive of the fact whether the ex ist ing traf fic route, res iden tial or ag ri cul tural land is in ques tion. As a re sult the sys tem changes its per for mance re lat ing to spa tial dis tri bu tion of ca pac i ties. In this way, from the as pect of ac ces si bil ity, po si tion of some in hab it ants and sys tem be comes im proved or ag gra vated.
This pa per ad dresses the pos si bil ity of us ing trans por ta tion mod el ing as a tool to es timate in di ca tors of air pol lu tion and global warm ing on the street net work. These in di ca tors could be the ba sis for de fin ing plan ning and man age ment so lu tions in the trans port sys tem from the as pect of their en vi ron men tal in flu ence. The point of this en vi ron ment anal y sis is to be based on traf fic speed on street net work, as a trans port sys tem fea ture, but not on ve hi cle and fuel charac ter is tics.
In the last few years, sev eral cap i tal pro jects in trans port in fra struc ture have been ini tiated in Bel grade. The most in ter est ing among them are: the City by pass (about 50% of the project com pleted), the New Sava bridge (fi nal phase, it will be com pleted in 36 months), the In ner semi-ring road (pre pa ra tory phase), etc. All these pro jects started with trans port de mand anal yses, based on de mand mod el ing [17] .
An idea to check pos si bil i ties of trans por ta tion mod el ing to es ti mate in di ca tors of pollu tion on the street net work will be ap plied to a Case study.
Case study of Bel grade
Bel grade is the cap i tal of Ser bia and the big gest city in the South east Eu rope. It lies on the banks of two rivers, the Dan ube and Sava. Pop u la tion of Bel grade has in creased over 2.5 times in last 50 years of the 20 th cen tury. Now, about 1.4 mil lion peo ple live in the ur ban area of Bel grade [1] .
With a rise in level of mo tor iza tion, and even only in the case of rise in the level of passen ger car use, the ex ist ing street net work ca pac ity will not be able to ac com mo date in creasingly pas sen ger cars per higher de mands. About 67% of the pri mary street net work in the City is with one lane per di rec tion. In ad di tion, traf fic man age ment sys tem is ob so lete and it is not ad equate for traf fic de mands. Av er age car speed in the cen tral zone of the City ranges be tween 12 and 18 km/h, what re sults in de lays which on some sec tions amount even to 45% of the to tal travel time [1] . Av er age level of mo tor iza tion is about 300 pas sen ger cars per 1000 in hab it ants.
Based on traf fic sur vey, the in hab it ants of Bel grade per form ap prox i mately three million trips per day. In modal split pas sen ger cars par tic i pates with 22% of all daily per son trips. In peak hour this per cent age is about 23%. To tal num ber of pas sen ger cars on the Bel grade street net work dur ing day is about 480 000, and in peak hour it is ap prox i mately 60 000 [18, 19] . The Mas ter plan of Bel grade 2021 en vis ages an in crease in mo bil ity and a slight in crease in num ber of in hab it ants. Hence, it is ex pected that the to tal num ber of trips will be about 3.5 mil lion trips per day. The pre dicted share of pas sen ger car in the modal split is 25 to 30%. That means that dur ing peak hour there will be about 80 000 pas sen ger cars on the street net work [1] .
Fu ture Bel grade trans port sys tem is de fined in the Mas ter plan of Bel grade 2021. One of the main prob lems in the trans port sys tem is lack of bridges and short age of ca pac ity on the street net work. The Plan pro poses the build ing a new street cor ri dor (bridge over the Sava river with the Topcider tun nel), which should be the al ter na tive path to the old Gazela bridge ( fig. 2) . The old Gazela bridge is the part of the high way Cor ri dor ten (X) and one of the bot tle necks on the Cor ri dor.
New road sec tions re sult in new traf fic as sign ment on street net work. The main ob jective of newly built ca pac i ties is to bal ance pas sen ger car vol ume on net work. How ever, new assign ment pro duces a new quan tity of pol lu tion on the same ur ban area [20] . The ques tion is, does it mean that the ben e fits in traf fic vol umes im ply the ben e fit in eco log i cal sense. The answer could be reached trough the mod el ing pro cess.
Traf fic vol ume anal y sis in the Case study of the subnetwork ( fig. 3) rep re sents the basis for all im pact es ti ma tions. The street net work of in ter est con sists of two al ter na tive paths across the Sava river. First, the road across the old Gazela bridge which is a part of a Eu ro pean Cor ri dor X; and sec ond, across the new bridge and a tun nel. The two paths are con nected with the or thogo nal high ca pac ity trunk net work. Street and road net work was clas si fied accord ing to the street ca pac ity and speed, traffic re gime, man age ment sys tem, num ber of lanes per di rec tion, etc. The or i gin-des ti nation (OD) ma tri ces for spe cific type of ve hicles were taken from the Trans port model of Bel grade [18, 19] . They rep re sent the transport de mand iden ti fied in the traf fic sur vey con ducted in the Bel grade ur ban area. The sce nar ios were all an a lyzed dur ing the morning peak hour (7-8 a. m.), when trans port demands are ex treme and rep re sent the ba sis for dimensioning the trans port sys tem. They were as signed with the pas sen ger car and heavy ve hi cles OD ma tri ces.
The main con sid er ation when for mu lat ing the sce nar ios were the op er at ing con di tions (speeds) on the high way sec tion and Topcider tun nel.
Dif fer ent ve hi cle speeds are re lated to the en gine work ing re gime, via the trans mission. Dur ing the move ment, ve hi cles pro duce noise and pol lu tion gases. There fore, the en vi ronmen tal im pacts of ve hi cles could be es ti mated through the speeds of traf fic flow.
Mod el ing of traf fic as sign ment and pol lut ant emis sion lev els were done in trans por tation plan ning soft ware -Visum. Cal cu la tion of pol lu tion emis sion level is in ac cor dance with emis sion fac tors of the Fed eral Of fice for the En vi ron ment of Swit zer land (BUS). Re gres sion curve is de fined for ev ery pol lut ant through:
The pa ram e ters (a, b, c …) of the poly no mi als were de ter mined em pir i cally for dif ferent pol lut ants of cars and trucks where v, rep re sents the speed of traf fic flow [21] . 
As sign ment anal y sis
The anal y sis fo cused on free flow speeds on two al ter na tive routes (first, across old Gazela bridge and sec ond, New Sava bridge with Topcider tun nel). Dif fer ent com bi na tions of speeds rep re sent ap pli ca tion of dif fer ent el e ments of in fra struc ture that would al low these free flow speeds. It means, also, dif fer ent traf fic vol ume and dif fer ent ba sic en vi ron men tal con sequences in sce nar ios.
Trans por ta tion mod el ing pro cess is based on Trans port model of Bel grade [18] , which is a tool that en ables de ter mi na tion of var i ous de vel op ment strat e gies in re la tion to changes in trans port de mands. The Trans port model of Bel grade im plies a set of rel e vant data (nu meric, graphic, and other), in di ca tors, pa ram e ters and sim u la tion mod els, ex pressed in space and time.
Two al ter na tives were com pared: sce nario S1 ( fig. 4 ) where free flow speeds are equal on both al ter na tive paths, 80 km/h, and sce nario S2 ( fig. 5 ) in which free flow speed on the new cor ri dor is higher com pared to the old bridge, 80 km/h and 60 km/h.
In the sce nario S1, the old Gazela bridge has strong at trac tion, and hence it is the dom inant path with much greater flow of cars than the al ter na tive path. Vol ume-ca pac ity ra tio (Q/C) is in the range of con gested con di tions. Trucks do not have any op tions in path choice, since there is a city act reg u lat ing the paths re served for such ve hi cles. In this way flow of trucks is treated as a con stant in dif fer ent sce nar ios. Lower free flow speeds on the old bridge sec tion give the ad van tage to the al ter na tive path, thus pro vid ing the bal ance to the sce nario. Sce nario S2 keeps the old bridge at the limit of ca pac ity and en cour ages driv ers to use the al ter na tive path (be cause it is faster).
En vi ron men tal anal y sis
Var i ous al ter na tives of street net work pro duce dif fer ences in traf fic flow and in en viron men tal in di ca tors. En vi ron men tal im pact of sce nar ios S1 and S2 was com pared to the re sults of sce nario S2. This sce nario dis plays better traf fic con di tions (higher speed) on the new Sava bridge than on the Old Gazela bridge, while sce nario S1 has the same speeds on both bridges. New net work el e ments should pro vide better ser vice qual ity than the ex ist ing ones.
Sce nario S2 has higher lev els of noise on al most all links of the old Gazela bridge. The dif fer ence is up to 2.4 dB, with max i mal level of 75.3 dB. This in crease is sig nif i cant, con sid ering how hard it is to achieve the re duc tion of noise. On the other hand, noise on the new Sava bridge is be tween 0.95 and 2.27 dB higher, with max i mal level of 69.91 dB (tab. 1, figs. 6 and 7). 
Figure 6. Noise and air pollution indicators -scenario S1
Ni tro gen ox ides (NO x ) are the prod uct of in com plete com bus tion. The val ues on the old Gazela bridge are be tween 3.2 and 4.4 kg/km lower, while the new Sava bridge has an increase be tween 0.5 and 1.0 kg/km. The val ues of re duc tions in peak hour are much greater than the in crease on the al ter na tive path, show ing the quan tity of ben e fits (tab. 2, figs. 8 and 9). The sul fur di ox ide lev els are shown in tab. 3. Dur ing the peak hour, the sys tem op er ates at the limit of its ca pac ity. Con se quently, there are higher lev els of car bon mon ox ide on the en tire net work. The main rea son is lower speed of traf fic flow and in com plete com bus tion. The lev els of CO on both cor ri dors in sce nario S1 are en vi ron men tally better than in sce nario S2 (tab. 4, figs. 10 and 11). Sim i lar sit u a tion is with hydro carbons (tab. 5).
Ta ble 2. Ni tro gen ox ides lev els

Ta ble 4. Car bon mon ox ide lev els
Cor ri dor X H1 
Trans por ta tion sys tem per for mance
Mea sures of trans por ta tion sys tem per for mance may in clude ve hi cle-ki lo me ters traveled, level of con ges tion, speed, travel times, or other pa ram e ters. Sys tem per for mance measures, such as travel time sav ings and ve hi cle-ki lo me ters trav eled, are com monly used in transpor ta tion plan ning. Var i ous as pects of sys tem per for mance can also be used as the key in puts for fore cast ing other im pacts. For ex am ple, ve hi cle-trips, ve hi cle ki lo me ters trav eled, and ve hic u lar speeds are used to fore cast emis sions of cri te ria pol lut ants. Trans por ta tion per for mance also affects ac ces si bil ity, which in turn affects land use patterns as well as economic de vel op ment [22, 24] .
Im por tant out puts of the Case study anal y sis are ve hi cle hours and ve hi cle ki lo me ters: ve hi cle hours for eco nomic anal y sis and ve hi cle ki lo me ters for en vi ron men tal anal y sis. Sce narios com par i son gives rel a tive val ues of mea sures ap plied and enables quantification of effects.
Through the mod el ing pro cess in the Case study, ve hi cle ki lo me ters and ve hi cle hours were com puted for subnetwork of in ter est.
Com par i son of spe cific sce nar ios of traf fic pa ram e ters in di cates that sce nario S2 has cer tain ad van tages with re spect to traf fic as sign ment through out the street net work (tab. 6). The same trans por ta tion de mand pro duces less ve hi cle ki lo me ters with a slight in crease of ve hi cle hours.
How ever, com par i son of en vi ron men tal sce nar ios shows a dif fer ent pic ture. The an alyzed net work and its or thogo nal cros-sec tions loaded with peak hour traf fic vol umes pro duces dif fer ent pol lu tion emis sions for sce nar ios S1 and S2. Com pared to S2, pol lu tion lev els of NO x and SO 2 de crease while the lev els of CO and HC in crease.
The ef fects of var i ous pol lut ants on en vi ron ment and heat ing are differ ent [25] . Mea sur ing those effects, as an over all im pact on the envi ron ment, would re quire use of weight ing fac tors for dif fer ent impact el e ments.
The mod el ing out put given in the Case study could pro vide the basic el e ments of con ges tion, for exam ple, the emis sion of CO and NO x . Ac cord ing to those val ues, us ing the re la tions be tween pol lut ants, other pol lut ants emis sions could be cal cu lated (CO 2 , H 2 O, and CH 4 ). In this way all of the GHG pro duced by traf fic could be es timated. This es ti mate of the over all im pact of traf fic could be valu able as in put data for per forming cal cu la tions of traffic influence on global warming.
The use of trans port mod el ing for com pu ta tions of air pol lu tion com po nents of street net work traf fic shown in this pa per can be the first step in es ti ma tion of all GHG emis sions. The re la tions be tween emis sions of dif fer ent GHG by ve hi cle ki lo me ter trav eled can be used, as suggested by U.S. De part ment of En ergy * [26, 27] . The data rep re sent gas o line ex haust prod ucts per ve hi cle ki lo me ter trav eled. The re la tions among the pol lut ants should be se lected to fit the char ac ter is tics of fuel and ve hi cle fleet, or ob tained by a spe cific sur vey.
Sum mary and con clu sions
Trans port de mand mod el ing as a pol lu tion as sess ment tool was ini ti ated to pro vide an aid in the de ci sion mak ing pro cess re lated to street net work planning.
Con ven tional eval u a tion of al ter na tive street net works is based on op er a tional and eco nomic cri te ria. How ever, the prin ci ples of sus tain able plan ning im ply that, be sides economic, other as pects should also be in cluded, par tic u larly those within the scope of traf fic related environmental conditions. Bel grade Case study, based on the ex ist ing Trans port model of Bel grade, shows that it is pos si ble to use traf fic as sign ment mod els to pre dict and quan tify pol lu tion on ur ban street networks.
Traf fic mod el ing on a street net work gives a pos si bil ity to sim u late en vi ron men tal indi ca tors of noise and air pol lu tion by net work sec tions, gen er ated by the use of pas sen ger cars. In this spe cific case it re lates to quan ti fi ca tion of noise, CO, NO x , HC, and SO 2 , that are gen erated on two bridges across the Sava river and in the newly built tun nel -de pend ing on the speed on the net work, which in turn de pend on street de sign and man age ment mea sures.
Some times a so lu tion that is the best from traf fic point of view may not be op ti mal from eco log i cal point of view.
The ma jor dis ad van tage of this pol lu tion in di ca tors as sess ment pro ce dure may be lack of ad e quate da ta bases on char ac ter is tics of ve hi cle flow in cit ies, as well as da ta bases on ex ploi - ta tion char ac ter is tics of the street net work and traf fic in fra struc ture. Also, char ac ter is tics of vehi cle fleet and fuel have to be estimated. Fu ture re search ac tiv i ties in the area of trans port de mand mod el ing in pol lu tion as sessment should be ori ented to wards de vel op ment of the tools for trans port de mand mod el ing in global warming assessment.
Ob jec tive dimensioning of ad verse en vi ron men tal ef fects of car use rep re sents sig nif icant aid for those who make de ci sions about traf fic in fra struc ture de vel op ment. This im plies for mal iza tion of the pro posed pro ce dures within de ci sion mak ing pro cess.
In or der to es tab lish daily or an nual val ues of emis sions it is nec es sary to ap ply av er age an nual daily traf fic (AADT) for modeling.
Fu ture anal y sis would re fer to iden ti fy ing the typ i cal ve hi cle in the pas sen ger car fleet of sur vey area, mea sur ing the fuel econ omy and fuel char ac ter is tics.
